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Abstract: KIAA1429, an important component of the N6-methyladenine methyltransferase complex, is involved in 
the pathology of many types of cancer. In this study, the mechanisms through which KIAA1429 promotes non-small 
cell lung cancer (NSCLC) progression were explored using in vitro and in vivo experiments. Additionally, bioinformat-
ics analysis of publicly available data was used to determine the relationship between KIAA1429 expression and 
NSCLC patient survival. The results showed that KIAA1429 was upregulated in NSCLC tissues and cells, and its high 
expression level was associated with low overall survival. Transcriptome analysis of KIAA1429-silenced NSCLC cells 
identified 346 differentially expressed genes, which were enriched in ferroptosis and the p53 signaling pathway. 
KIAA1429 silencing using small interfering (si) RNA promoted erastin-induced ferroptosis in NSCLC cells and acti-
vated the p53 signaling pathway. Moreover, si-KIAA1429 inhibited the proliferative, migratory, and invasive abilities 
of NSCLC cells in vitro and tumor growth in vivo. These in vitro effects were weakened by pifithrin-μ, a p53 inhibitor. 
Therefore, given its effects on ferroptosis and the p53 signaling pathway, targeting KIAA1429 could be an effective 
strategy for treating NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC) is a com-
mon form of lung cancer, the three main sub-
types of which are adenocarcinoma, squamous 
cell carcinoma, and large-cell carcinoma [1]. As 
a malignant tumor with a high incidence and 
mortality rate, NSCLC is a serious threat to 
human health [2]. Clinically, the treatment of 
NSCLC depends mainly on a combination of 
surgery and adjuvant chemotherapy [3]. Al- 
though tyrosine kinase inhibitors and immuno-
therapy have improved the survival of NSCLC 
patients [3, 4], the overall cure and survival 
rates remain unsatisfactory, particularly in 
patients with metastases [5]. Nonetheless, an 
increasing number of molecular targets with 
therapeutic potential against NSCLC have been 
discovered, providing additional possibilities 
for improving patient outcomes [6, 7].

The transcriptional modification of eukaryotic 
mRNAs is important for ensuring the proper 
splicing, editing, stability, and degradation of 
gene transcripts. The most commonly occurring 
post-transcriptional modification is the methyl-
ation of the sixth nitrogen atom of adenine, oth-
erwise known as N6-methyladenine (m6A), 
which is carried out by a methyltransferase 
complex [8]. Functionally, mRNAs with m6A par-
ticipate in various pathophysiological process-
es, including adipogenesis, cell differentiation, 
proliferation, and apoptosis, and immune and 
inflammatory responses [9]. Notably, m6A-mod-
ified mRNAs are involved in the development of 
lung cancer [10]. Evidence has demonstrated 
that diverse m6A-related factors can regulate 
the malignant behavior of NSCLC cells by acting 
as oncogenes (e.g., ALKBH5) or anti-oncogenes 
(e.g., FTO, METTL3, HNRNPA2B1, and YTHDF1) 
[11]. Among the main components of the meth-
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yltransferase complex, KIAA1429 (also known 
as protein virilizer homolog (VIRMA)) is the larg-
est methyltransferase involved in m6A methyla-
tion [12]. KIAA1429 plays a key regulatory role 
in the tumorigenesis and progression of liver 
[12], breast [13], gastric [14], and colorectal 
cancers [15]. Additionally, KIAA1429-mediated 
m6A modification promotes the progression of 
NSCLC and accelerates the resistance of the 
cancer cells to gefitinib [16, 17]. However, the 
mechanism of action of KIAA1429 in NSCLC 
remains unclear.

Ferroptosis, which is a specific type of iron-
related programmed cell death, is involved in 
various human diseases, including ischemia-
reperfusion injury, degenerative diseases, car-
diovascular diseases, and several types of  
cancer [18, 19]. Many potential molecular tar-
gets are involved in the progression of NSCLC 
through their regulation of ferroptosis, includ-
ing SLC7A11 [20], MT1DP [21], AKR1C1 [22], 
miR-302a-3p [23], and circDTL [24]. Ferrop- 
tosis can also be mediated by m6A modification 
[25, 26]. Song et al. showed that miR-4443 
enhanced cisplatin resistance in NSCLC by  
regulating FSP1 in an m6A-like manner [27]. 
Additionally, the p53 signaling pathway, which 
is a crucial regulator of NSCLC, participates in 
the regulation of ferroptosis [28, 29].

In this study, we explored the mechanisms 
downstream of KIAA1429 in NSCLC using tran-
scriptome sequencing. We found that differen-
tially expressed genes (DEGs) in KIAA1429-
silenced NSCLC cells were highly enriched in 
the p53 signaling pathway and ferroptosis pro-
cess. Therefore, we used in vivo and in vitro 
experiments to further explore the potential 
mechanism by which KIAA1429 regulates fer-
roptosis and the p53 signaling pathway in 
NSCLC.

Materials and methods

Bioinformatics data analysis

KIAA1429 expression in 59 normal and 515 
lung adenocarcinoma (LUAD) tissues was ana-
lyzed using The University of ALabama at 
Birmingham CANcer data analysis Portal 
(UALCAN, https://ualcan.path.uab.edu/index.
html) based on The Cancer Genome Atlas data-
base. The correlation between the KIAA1429 
expression level and the survival prognosis of 

239 patients with NSCLC was analyzed using 
the Gene Expression Profiling Interactive 
Analysis portal (http://gepia.cancer-pku.cn/). 
Additionally, datasets related to “lung can- 
cer” were searched on the Gene Expression 
Omnibus database (https://www.ncbi.nlm.nih.
gov/geo/) to verify the expression of KIAA1429 
in human lung cancer and normal tissues. The 
microarray dataset GSE18842 was selected, 
and the expression of KIAA1429 was analyzed 
using Oncomine (https://www.oncomine.org/).

Cell culture and transfection

BEAS-2B (a normal human lung epithelial cell 
line) and A549 and H1299 (two human NSCLC 
cell lines) were purchased from the American 
Type Culture Collection (Manassas, VA, USA). 
The NSCLC cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM), supple- 
mented with 10% fetal bovine serum (FBS), 
100 U/mL penicillin, and 100 mg/mL strepto-
mycin, at 37°C under 5% CO2. The BEAS-2B 
cells were cultured in RPMI-1640 medium and 
supplemented with the same components at 
37°C under 5% CO2.

Small-interfering RNAs (siRNAs) targeting 
KIAA1429 (si-KIAA1429-1, -2, and -3) and the 
corresponding negative control (si-NC) were 
purchased from RiboBio (Guangzhou, China) 
and transfected into the NSCLC cells using 
Lipofectamine 3000 for 48 h. Additionally, 
H1299 and A549 cells were treated with the 
p53 inhibitor pifithrin-μ (PFT, 10 μM), the fer-
roptosis activator erastin (10 μM), or the ferrop-
tosis inhibitor ferrostatin-1 (Fer-1, 2 μM) for 48 
h. The siRNA sequences are listed in Table S1.

Quantitative reverse transcription-polymerase 
chain reaction

Total RNA was extracted from the NSCLC cells 
using TRIzol reagent (Thermo Fisher Scientific, 
Waltham, MA, USA) and reverse transcribed 
into cDNA. The quantitative reverse transcrip-
tion-polymerase chain reaction (RT-qPCR) was 
performed on a 7300PLUS instrument (Appli- 
ed Biosystems, Foster City, CA, USA) using the 
SYBR Green qPCR Kit (Thermo Fisher Scien- 
tific). The reaction procedure was as follows: 
pre-denaturation at 95°C for 10 min, followed 
by 36 cycles of denaturation at 95°C for 10 s 
and annealing at 60°C for 30 s. The relative 
mRNA expression level of KIAA1429 was calcu-
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lated using the 2-∆∆Ct method with glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) as 
the internal control. The primer sequences are 
listed in Table S2.

Cell counting kit-8 assay

Cell viability was measured using the Cell 
Counting Kit-8 (CCK8) assay (Solarbio, Beijing, 
China). In brief, transfected NSCLC cells (2 × 
104 cells/well) were seeded into a 96-well plate 
and cultured at 37°C for 24, 48, and 72 h. 
Subsequently, the cells were incubated with 10 
μL of CCK8 reagent for 2 h. Finally, to deter-
mine the optimal value, the optical density (OD) 
at 450 nm was recorded every 1 h using a 
microplate reader (Multiskan SkyHigh, Thermo 
Fisher Scientific).

EdU staining

The Click-iT™ Plus EdU Cell Proliferation Kit 
(Thermo Fisher Scientific) was used to detect 
the proliferation of the NSCLC cells. In brief,  
the transfected cells (1 × 105 cells/well) were 
seeded into 24-well plates. After 2 h of in- 
cubation with 50 μM EdU reagent, the cells 
were first fixed with paraformaldehyde (4%)  
and then incubated with Triton X-100 (0.5%). 
Subsequently, the cells were incubated with 
the Click-iT Cocktail (Alexa Fluor 555; Thermo 
Fisher Scientific) for 30 min, followed by 
4’,6-diamidino-2-phenylindole solution for 10 
min in the dark. The stained cells were photo-
graphed under a fluorescence microscope 
(BX53; Olympus, Tokyo, Japan).

Wound-healing assay

A wound-healing assay was performed to mea-
sure cell migration. In brief, transfected cells 
were first cultured to 90% confluency, and a 
wound gap was then created on the cell layer 
using a pipette tip. After wash with phosphate-
buffered saline to remove cell debris, the cells 
were cultured for 24 h. The wound gap was pho-
tographed and measured under a microscope 
(Olympus) at 0 and 24 h post-wounding.

Transwell assay

Transwell chambers (Corning, Kennebunk, ME, 
USA) were used to conduct the transwell as- 
say for detecting cell invasion. In brief, the tran-
swell chamber was coated with Matrigel (BD, 

Franklin Lakes, NJ, USA), after which 2 × 104 
transfected cells were seeded into the upper 
chamber and DMEM containing 20% FBS was 
added to the lower chamber. After 24 h, the 
cells in the lower chamber were fixed with para-
formaldehyde (4%) and stained with crystal vio-
let (0.5%). The stained cells were photographed 
under a microscope (Olympus).

Enzyme-linked immunosorbent assay

The cell culture supernatants were collected  
for measurement of their malondialdehyde 
(MDA), iron ion (Fe2+), glutathione peroxidase 
(GSH), and reactive oxygen species (ROS) levels 
using enzyme-linked immunosorbent assay 
kits (Esebio, Shanghai, China). In brief, 50 μL of 
diluted sample was added to each well of a 
96-well plate, followed by 100 μL of horserad-
ish peroxidase (HRP)-labeled antibody, and  
the samples were incubated for 60 min at 
37°C. Within 15 min after incubation, the OD 
value at 450 nm was measured using a micro-
plate reader.

Transcriptome sequencing

H1299 cells transfected with either si-
KIAA1429 or si-NC were used for transcriptome 
sequencing. In brief, mRNA was purified from 
the total RNA (poly(A) selection) isolated from 
the cells and randomly fragmented into 200-
300 bp pieces using metal ion-catalyzed  
hydrolysis. Subsequently, a cDNA library was 
constructed and sequenced on an Illumina 
NovaSeq 6000 platform. After sequencing, the 
DEGs were analyzed using DESeq2. Gene 
Ontology (GO) and Kyoto Encyclopedia of Gen- 
es and Genomes (KEGG) pathway analyses 
were performed using the Database for Annot- 
ation, Visualization, and Integrated Discovery 
(http://david.abcc.ncifcrf.gov/).

Tumor formation in a mouse model

Female BALB/c nude mice (age: 4-5 weeks; 
Antaik, Beijing, China) were used to establish a 
xenograft tumor model (n = 6). H1299 cells  
(1 × 106) that had been stably transfected  
with KIAA1429-shRNA (LV-shKIAA1429) or 
NC-shRNA (LV-shNC) were subcutaneously 
injected into the right dorsal flank of the mice. 
The tumor volume was measured every 7 days. 
After 28 days, the mice were anesthetized with 
an intraperitoneal injection of pentobarbital 
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sodium (50 mg/kg) and euthanized by cervical 
dislocation. The excised tumor xenografts were 
weighed and then used to detect KIAA1429 
protein expression. The animal experiments 
were approved by the local ethics committee 
and conducted in accordance with the Guide 
for the Care and Use of Laboratory Animals.

Hematoxylin-eosin staining

Fresh tissues were fixed with paraformalde-
hyde (4%) and embedded in paraffin, after 
which the paraffin block was sectioned into  
thin slices. The dried tissue sections were 
immersed sequentially in xylene and gradient 
ethanol solutions. Subsequently, the slices 
were stained with hematoxylin and eosin and 
then dehydrated using an ethanol gradient. 
Finally, the slices were sealed with neutral bal-
sam and examined and photographed under an 
inverted biological microscope.

Immunohistochemistry

The paraffin-embedded tissue sections were 
dewaxed and rehydrated, and ethylenedia- 
minetetraacetic acid was then added for anti-
gen retrieval. Subsequently, hydrogen peroxide 
(3%) was added to inactivate endogenous per-
oxidase at ambient temperature. The slices 
were incubated with anti-Ki67 antibody (ab- 
15580; Abcam, Cambridge, MA, USA) at 4°C 
overnight, followed by HRP-labeled secondary 
antibody at 37°C for 1 h. Finally, the slices  
were stained with 3,3’-diaminobenzidine and 
hematoxylin and photographed under a micro- 
scope.

Western blot assay

Cells or tissues were lysed in radioimmunopre-
cipitation assay buffer to extract their total pro-
teins, which were then separated using 10% 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and transferred onto a polyvi-
nylidene fluoride membrane (Millipore, Dan- 
vers, MA, USA). The membrane was blocked 
with nonfat milk and incubated with primary 
antibodies raised against KIAA1429, prosta-
glandin-endoperoxide synthase 2 (PTGS2), 
phospholipid hydroperoxide glutathione peroxi-
dase (GPX4), ferritin heavy chain (FTH1), pro-
tein p53, phosphorylated p53 (p-p53), and 
β-actin (all 1:1000 dilutions; Abcam) for 12 h. 
Subsequently, the membrane was incubated 

with HRP-conjugated IgG secondary antibody 
(Abcam) for 2 h. The protein bands were visual-
ized using enhanced chemiluminescence, after 
which they were quantified using a Gel-Pro ana-
lyzer (Media Cybernetics, Rockville, MD, USA).

Statistical analysis

All data are presented as the mean ± standard 
deviation and were processed using Prism 7.0 
(GraphPad, San Diego, CA, USA). The t-test was 
used for comparisons between two groups, 
whereas one-way analysis of variance and 
Tukey’s test were used for comparisons among 
multiple groups. A P-value of < 0.05 was regard-
ed as statistically significant.

Results

KIAA1429 is upregulated in NSCLC

The expression levels of KIAA1429 in the 59 
normal and 515 LUAD tissue samples were 
analyzed using UALCAN and were significantly 
higher in the cancerous tissues than in the nor-
mal controls (P < 0.01; Figure 1A). Survival 
analysis using GEPIA revealed that the overall 
survival period of patients with low KIAA1429 
expression levels was significantly longer than 
that of patients with high KIAA1429 expres- 
sion levels (P = 0.022; Figure 1B), demonstrat-
ing that high KIAA1429 expression is related  
to a poor prognosis. Analysis of the GSE18842 
dataset, which contains 46 lung cancer and  
45 normal tissue samples, revealed that 
KIAA1429 was substantially higher in the can-
cerous samples (Figure 1C). Additionally, 
KIAA1429 was significantly more highly ex- 
pressed in the H1299 and A549 cells than in 
the BEAS-2B cells (P < 0.01; Figure 1D).

Knockdown of KIAA1429 inhibits the prolifera-
tive, migratory, and invasive abilities of NSCLC 
cells

To explore the role of KIAA1429 in NSCLC, 
KIAA1429 expression was silenced in the two 
NSCLC cell lines. The transfection of si-
KIAA1429-1, -2, and -3 into H1299 and A549 
cells was verified using RT-qPCR, and si-
KIAA1429-3 was used for the subsequent 
experiments because it had the highest silenc-
ing efficiency of the three siRNAs (P < 0.01; 
Figure 2A). The viability of the si-KIAA1429-
transfected H1299 and A549 cells was signifi-
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cantly lower than that of the si-NC-transfected 
cells (P < 0.01; Figure 2B). Under the micro-
scope, a lower EdU positivity rate was observed 
in the si-KIAA1429 groups than in the si-NC 
groups (P < 0.01; Figure 2C). Additionally, we 
found that si-KIAA1429 also inhibited the 
migratory and invasive abilities of the H1299 
and A549 cells (P < 0.01; Figure 2D and 2E).

Knockdown of KIAA1429 inhibits tumor growth 
in mice

To determine the role of KIAA1429 in NSCLC in 
vivo, H1299 cells transfected with either 
NC-shRNA or KIAA1429-shRNA were injected 
into mice. The tumor volume was lower in the 
LV-shKIAA1429 group than in the LV-shNC 
group on the 14th day post-inoculation (P < 

0.05; Figure 3A and 3B). The LV-shKIAA1429 
group also had significantly low tumor weights 
on the 28th day post-inoculation (P < 0.01; 
Figure 3C). The western blotting results verifi- 
ed the downregulation of KIAA1429 expression 
in the tumor tissues of mice in the LV- 
shKIAA1429 group (P < 0.01; Figure 3D). 
Moreover, the knockdown of KIAA1429 signifi-
cantly reduced the degree of tumor malignancy 
(Figure 3E) and decreased the proliferation of 
the cancer cells (Figure 3F).

Knockdown of KIAA1429 promotes ferroptosis 
in NSCLC

si-KIAA1429 significantly reduced the viability 
of the erastin-treated NSCLC cells (H1299 and 
A549), and the inhibitory effect was greater 

Figure 1. The up-regulation of KIAA1429 in NSCLC. A. The expression of KIAA1429 in LUAD tissues was analyzed 
using the UALCAN database. B. The correlation of KIAA1429 expression with overall survival in patients with LUAD 
was analyzed using GEPIA database. C. Oncomine was applied to evaluate KIAA1429 expression between cancer 
and normal tissues in microarray dataset (GSE18842). D. The expression of KIAA1429 in NSCLC cell lines (H1299 
and A549 cells) and a normal lung epithelial cell line (BEAS-2B cells) was measured by qRT-PCR. **P < 0.01 vs. 
BEAS-2B.
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with increasing erastin concentrations (Figure 
4A). This inhibitory effect was reversed by add-
ing the ferroptosis inhibitor Fer-1 (Figure 4B). 
Moreover, the knockdown of KIAA1429 mark-
edly increased the levels of ROS and Fe2+ and 
reduced those of GSH and MDA in the erastin-
treated cells (Figure 4C-F). Additionally, eras- 
tin treatment markedly increased the protein 
expression of PTGS2 in the si-NC group and 
decreased that of GPX4 and FTH1 (Figure 4G, 
4H), similar to the si-KIAA1429 group. In sum-
mary, KIAA1429 knockdown promoted erastin-
mediated ferroptosis.

Transcriptome sequencing analysis

The molecular mechanisms downstream of 
KIAA1429 silencing were explored in NSCLC 
cells. In total, 346 DEGs were identified, 196 of 
which were upregulated and 150 were down-
regulated (Figure 5A and 5B). GO enrichment 
analysis revealed that the DEGs were enriched 
in various biological functions, including autol-

ysosome, negative regulation of endoplasmic 
reticulum unfolded protein response, and sec-
ondary lysosome (rich > 0.2) (Figure 6A). More- 
over, KEGG analysis showed that the DEGs 
were enriched in many pathways, including 
those related to galactose metabolism, mineral 
absorption, nicotine addiction, p53 signaling, 
and ferroptosis (Figure 6B).

Knockdown of KIAA1429 activates the p53 
signaling pathway to inhibit NSCLC progression

The mechanism through which KIAA1429 regu-
lates the p53 signaling pathway was further 
analyzed using H1299 cells. The western blot 
results revealed that the p-p53/p53 level was 
higher in the si-KIAA1429-transfected cells 
than in their si-NC-transfected counterparts  
(P < 0.01; Figure 7A). The p53 inhibitor PFT 
blocked the p53 signaling pathway by decreas-
ing p-p53/p53 expression, whereas si-KIAA- 
1429 reversed this effect (Figure 7B). Fur- 
thermore, functional assays showed that PFT 

Figure 2. Knockdown of KIAA1429 inhibited the proliferation, migration, and invasion of NSCLC cells. A. The expres-
sion level of KIAA1429 in NSCLC cells transfected with si-KIAA1429-1/-2-/-3/si-NC was detected by qRT-PCR. B. 
The viability of transfected NSCLC cells was measured by CCK8 assay. C. EdU positive cells were detected by EdU 
assay (200×). D. The migration of transfected NSCLC cells was measured by wound healing assay. E. The invasion 
of transfected NSCLC cells was measured by Transwell assay (200×). *P < 0.05, **P < 0.01 vs. siNC.

Figure 3. Knockdown of KIAA1429 inhibits tumor growth 
in mice. A. The morphology of xenograft tumors in mice. 
B. The volume of xenograft tumors. C. The weight of xeno-
graft tumors. D. The expression of KIAA1429 in xenograft 
tumors. E. Hematoxylin-eosin staining was performed to 
observe the histological changes of tumors. F. Immuno-
histochemistry was executed to observe the proliferation 
of cancer cells. *P < 0.05, **P < 0.01 vs. LV-shNC.
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Figure 4. Knockdown of KIAA1429 promoted the ferroptosis in NSCLC cells. A. CCK-8 was executed to evaluate cell viability in A549 cells after erastin treatment. 
B. CCK-8 was executed to evaluate cell viability in H1299 and A549 cells after erastin (10 μM) ± ferrostatin-1 (2 μM). C-F. The levels of Fe2+ and lipid peroxidation 
indexes ROS, GSH and MDA in H1299 and A549 cells were detected by ELISA. G, H. Western-blot was used to detect the expression levels of ferroptosis-related 
proteins (PTGS2, GPX4, and FTH1) in H1299 and A549 cells. **P < 0.01 vs. si-NC.
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significantly promoted the proliferative, migra-
tory, and invasive abilities of the NSCLC cells 
relative to its effects on the si-NC group (P < 
0.01, Figure 7C-F). Additionally, PFT weakened 
the inhibitory effects of si-KIAA1429 on NSCLC 
cell proliferation, migration, and invasion (P < 
0.01, Figure 7C-F).

Discussion

NSCLC remains a leading cause of death world-
wide, and effective treatments for improving 
the poor outcomes of affected patients remain 
a challenge [30]. Several lines of evidence have 
shown that the m6A modification can influence 
diverse tumor characteristics, including the 
maintenance of proliferation signals, evasion of 
growth inhibition, resistance to apoptosis, 
induction of angiogenesis, activation of metas-
tasis, changes in energy metabolism, and 
immune escape [31, 32]. KIAA1429 is the  
largest of the methyltransferases involved in 
m6A modification [15]. KIAA1429 has multiple 
roles in various tumors. For example, KIAA14- 
29 silencing suppresses the proliferation and 
metastasis of hepatocellular carcinoma cells 
through the post-transcriptional regulation of 
GATA3 in an m6A-dependent manner [12]. 
Furthermore, KIAA1429 enhances breast can-
cer progression by regulating CDK1 in an m6A-
independent manner [13]. Additionally, Xu et al. 
found that KIAA1429 enhanced the prolifera-

tion of NSCLC cells and the growth of NSCLC 
xenografts via the m6A-dependent degradation 
of DAPK3 mRNA [17]. In this study, we deter-
mined through public database analysis that 
KIAA1429 expression was upregulated in 
NSCLC tissues, and its high level correlated 
positively with poor overall survival. Our in vitro 
experiments verified that KIAA1429 was upreg-
ulated in NSCLC cells and that its knockdown 
inhibited malignant features at the cellular 
level. These results were similar to those of  
previous studies illustrating that KIAA1429 
acts as an oncogene in NSCLC. Furthermore, 
our in vivo experiments verified that KIAA1429 
silencing can inhibit the growth of tumor 
xenografts.

To identify the mechanisms of action down-
stream of KIAA1429 in NSCLC, transcriptome 
sequencing was performed on KIAA1429-
silenced cells. Ferroptosis was selected as the 
research target, as it was enriched in the identi-
fied DEGs. KIAA1429 silencing enhanced fer-
roptosis in the NSCLC cells, as evidenced by 
the increased Fe2+ and ROS and decreased 
GSH and MDA levels, as well as the upregula-
tion of PTGS2 and downregulation of GPX4  
and FTH1 expression. Ferroptosis is an iron-
dependent cell death process that acts as a 
natural barrier to prevent the tumorigenesis, 
progression, and metastasis of diverse types of 
cancer [33]. Under oxidative stress conditions, 

Figure 5. Differentially expressed genes (DEGs) in KIAA1429-silenced H1299 cells. A. A heatmap of DEGs in differ-
ent groups. B. A Volcano map of DEGs.
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Figure 6. Functional enrichment of differentially expressed genes isolated from KIAA1429-silenced H1299 cells. A. Bar plot of GO enrichment analysis. B. Bubble 
plots of KEGG enrichment analysis.
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Figure 7. Knockdown of KIAA1429 activated the p53 signaling pathway to inhibit NSCLC progression. A. The expression of the p53 pathway-related proteins in 
H1299 cells was detected by Western blot. B. After PFT treatment, the expression of the p53 pathway-related proteins was detected by Western blot. C. The viability 
of transfected/treated H1299 cells was measured by CCK8 assay. D. EdU positive cells was detected by EdU assay (200×). E. The migration of transfected/treated 
H1299 cells was measured by wound healing assay. F. The invasion of transfected/treated H1299 cells was measured by Transwell assay (200×). **P < 0.01 vs. 
siNC; ##P < 0.01 vs. si-KIAA1429.
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the ferroptosis defense system benefits the 
survival of tumor cells and their response to 
various cancer therapies [34]. Huang et al. 
found that the ferroptosis activator erastin 
inhibited the proliferation of lung cancer cells 
by arresting the cell cycle at the G1 phase [35]. 
Similarly, Chen et al. revealed that erastin sup-
pressed the proliferative and migratory abilities 
of lung cancer cells by inducing calcium/
calmodulin-dependent ferroptosis [36]. Other 
studies have determined the regulatory role  
of m6A modification in ferroptosis [25-27]. 
Combined with the reverse regulatory relation-
ship between KIAA1429 and ferroptosis, we 
speculate that activating this cell death pro-
cess by silencing KIAA1429 may inhibit the pro-
gression of NSCLC.

In this study, the DEGs in KIAA1429-silenced 
NSCLC cells were also enriched in the p53 sig-
naling pathway. p53 is an important tumor sup-
pressor that inhibits cancer progression by 
regulating cell proliferation, apoptosis, and  
cell-cycle arrest [37]. Molecules such as 
TNFAIP8 [38], USP22 [39], HAX1 [40], and 
GINS2 [41] regulate the p53 signaling pathway 
and, thus, show therapeutic potential against 
NSCLC. Sang et al. reported that the m6A  
methyltransferase subunits METTL3 and 
METTL14 enhanced acute myeloid leukemia by 
targeting the MDM2/p53 signaling pathway 
[42]. In our study, KIAA1429 silencing promot-
ed antitumor effects by facilitating the activa-
tion of the p53 signaling pathway, whereas PFT 
(a p53 inhibitor) reversed these effects of si-
KIAA1429. These results indicate that the p53 
signaling pathway is an active target of 
KIAA1429 and contributes to the remission of 
NSCLC. Moreover, p53 also plays a key regula-
tory role in ferroptosis [28, 29]. Huang et al. 
found that erastin-induced ROS production 
enhanced ferroptosis and inhibited cell prolif-
eration by activating p53 in lung cancer cells 
[35]. Meng et al. showed that levobupivacaine 
inhibited ferroptosis in NSCLC and the progres-
sion of the disease by activating p53 [43]. In 
our study, KIAA1429 silencing promoted eras-
tin-induced ferroptosis and activated the p53 
signaling pathway, revealing the potential 
mechanisms underlying the pathology of 
NSCLC.

Conclusions

In summary, the expression of the m6A methyl-
transferase KIAA1429 was elevated in NSCLC 

tissues and cells. KIAA1429 silencing promot-
ed the p53 signaling pathway and ferroptosis in 
the NSCLC cells and inhibited their prolifera-
tive, migratory, and invasive abilities. KIAA1429 
silencing also inhibited the growth of tumor 
xenografts in mice. However, a limitation of our 
study is that it lacked human clinical samples 
for analysis; these should be considered in 
future studies. Nonetheless, our findings that 
KIAA1429 regulates the p53 signaling pathway 
and ferroptosis suggest that this m6A methyl-
transferase can be a promising molecular tar-
get for treatment strategies against NSCLC.
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Table S1. siRNA sequences in this study
siRNA Sequences (5’-3’)
siNC-sense UUC UCC GAA CGU GUC ACG UTT
siNC-antisense ACG UGA CAC GUU CGG AGA ATT
siKIAA1429-1-sense CCAUCAUCUUUAGACCUAATT
siKIAA1429-1-antisense UUAGGUCUAAAGAUGAUGGTT
siKIAA1429-2-sense GCUCAAAGCUGGGACCAAATT
siKIAA1429-2-antisense UUUGGUCCCAGCUUUGAGCTT
siKIAA1429-3-sense GGAGUUGGUUACCUUGCUUTT
siKIAA1429-3-antisense AAGCAAGGUAACCAACUCCTT

Table S2. Primer sequences for qRT-PCR in this study
Primer Sequences (5’-3’)
GAPDH-F CCGGGAAACTGTGGCGTGATGG
GAPDH-R AGGTGGAGGAGTGGGTGTCGCTGTT
KIAA1429-F CACGACACAGATGCTGGACT
KIAA1429-R TTGTATGAGGGGCAGTTTCC


